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DISCLAIMER

This document has been approved for publication by the Office of Science and Technology, Office
of Water,  U.S. Environmental Protection Agency. Mention of trade names, commercial products
or organizations does not imply endorsement or recommendation for use.

This document describes a new aquatic ecosystem simulation model.  It is not intended to serve as
guidance or regulation, nor is the use of this model in any way required.  This document cannot
impose legally binding requirements on EPA, States, Tribes, or the regulated community.
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PREFACE

The Clean Water Act— formally the Federal Water Pollution Control Act Amendments of
1972 (Public Law 92-50), and subsequent amendments in 1977, 1979, 1980, 1981, 1983, and 1987—
calls for the identification, control, and prevention of pollution of the nation's waters.  In the
National Water Quality Inventory: 1996 Report to Congress,  36 percent of assessed river lengths
and  39 percent of assessed lake areas were impaired for one or more of their designated uses  (US
EPA 1998).  The most commonly reported causes of impairment in rivers and streams were siltation,
nutrients, bacteria, oxygen-depleting substances, and pesticides;  in lakes and reservoirs the causes
also included metals and noxious aquatic plants.  The most commonly reported sources of
impairment were agriculture, nonpoint sources, municipal point sources, atmospheric deposition,
hydrologic modification, habitat alteration and resource extraction.  There were 2196 fish
consumption advisories, which may include outright bans, in 47 States, the District of Columbia and
American Samoa.  Seventy-six percent of the advisories were due to mercury, with the rest due to
PCBs, chlordane, dioxin, and DDT (US EPA 1998).  States are not required to report fish kills for
the National Inventory;  however, available information for 1992 indicated 1620 incidents in 43
States, of which 930  were attributed to pollution, particularly oxygen-depleting substances,
pesticides, manure, oil and gas, chlorine, and ammonia.    

New approaches and tools, including appropriate technical guidance documents, are needed
to facilitate ecosystem analyses of watersheds as required by the Clean Water Act.  In particular,
there is a pressing need for refinement and release of an ecological risk methodology that addresses
the direct, indirect, and synergistic effects of nutrients, metals, toxic organic chemicals, and non-
chemical stressors on aquatic ecosystems, including streams, rivers, lakes, and estuaries.  

The ecosystem model AQUATOX is one of the few general ecological risk models that
represents the combined environmental fate and effects of toxic chemicals.  The model also
represents conventional pollutants, such as nutrients and sediments, and considers several trophic
levels, including attached and planktonic algae, submerged aquatic vegetation, several types of
invertebrates, and several types of fish.  It has been implemented for streams, small rivers, ponds,
lakes, and reservoirs.  

The AQUATOX model is described in these  documents.  Volume 1: User’s Manual
describes the usage of the model.  Because the model is menu-driven and runs under Microsoft
Windows on microcomputers, it is user-friendly and little guidance is required.   Volume 2:
Technical Documentation provides detailed documentation of the concepts and constructs of the
model so that its suitability for given applications can be determined.  Volume 3: Model Validation
Reports presents three model validation studies performed for different environmental stressors and
in different waterbody types.   
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3. APPLICATIONS

The following examples are intended as illustrations of potential applications.  AQUATOX
has been validated with several data sets from diverse sites and applications;  however, like any
complex model, it should be evaluated for the intended use.  More detailed reports on model
validation, including analysis of model predictions as compared to observed data, are found in
Volume 3: Model Validation Reports. No warranty, either expressed or implied, is made.

3.1 Nutrient Enrichment

AQUATOX has its roots in what was basically a eutrophication model, and it provides a
reasonable representation of the effects of nutrient enrichment.  It can be configured to depict a
complex food web that is both phytoplankton- and detritus-based, with both game fish and bottom
fish, which are very important from the standpoint of protecting aquatic life and fisheries.  It also
reports phytoplankton both as biomass and as chlorophyll a, which is an important index of water
quality.  Dissolved oxygen is another important index that is computed.  The Secchi depth, an
indicator of clarity, also is estimated.

For our first example, we will use data from Onondaga Lake, New York (Onondaga.aps).
The lake has been described very well in a book edited by Effler (1996).  It has received municipal
and industrial wastes for many years, and effluent from the municipal wastewater treatment plant
accounts for nearly 20% of the annual inflow to the lake (Effler, 1996).  Of particular concern are
the combined sewer overflows (CSOs) that carry storm water and raw sewage into tributary creeks
about 50 times a year.  In 1991 there were 45 CSOs discharging into Onondaga Creek, 19 into
Harbor Brook, and 2 into Ley Creek.  In a separate report, Park (1999b) described three levels of
analyses in validating Version 1.66 with Onondaga Lake data.  For purposes of this example, we will
use the third-level implementation with detailed loadings for nutrients, a site-specific mixing depth,
and compartments parameterized for cryptomonads and rotifers.

Discharge data from the four gauged streams in the watershed (Onondaga Creek, Ninemile
Creek, Ley Creek, and Harbor Brook, listed in order of importance) were downloaded from the U.S.
Geological Survey Web site (see Table 1).  Discharge from four ungauged streams was estimated,
assuming that they had an aggregate flow rate that was 94% of the discharge of Ley Creek and
Harbor Brook based on data in Effler (1996, p. 102). 
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Table 1. Input Data for Onondaga Lake Simulation

Variable Source Format

Inflow www.waterdata.usgs.gov
(note: URLs may change) 

daily values for 4 gauged streams;
extrapolated to ungauged streams

Phosphorus, NPS 

METRO

Effler 1996, calc. from p. 162 
Effler 1996, calc. from p. 159

Effler 1996, p. 162

mean annual conc., 7 tributaries, 1989-
1990; mult. by respective inflow

mean loads, April-September, 1990

NOx & NH3,  NPS

METRO

Effler 1996, calc. from p. 138 
Effler 1996, calc. from p. 128

Effler 1996, calc. from p. 138 

mean annual concentrations for 1989
for 4 tributaries

mean annual loads for 1989

Org. matter, NPS

METRO

Effler 1996, calc. from p. 138 
Effler 1996, calc. from p. 128 

Effler 1996, calc. from p. 138 

back-calculated from organic-N

mean annual loads for 1989

Epilimnion
temperature

Effler 1996, p. 207 monthly interpolation from figure

Hypolimnion
temperature

Effler 1996, p. 247 monthly interpolation from figure

Wind Effler 1996, p. 248 mean value est. from figure for 30
years

Solar radiation unpub. data, Lake George,
N.Y.

observed annual mean and range

Initial conditions Effler 1996 obs. data and  professional judgment

The loadings were then computed using average concentrations for the respective streams,
assuming a constant relationship between concentration and discharge.  Different average phosphate
values were used for 1989 and 1990 for Onondaga and Ninemile Creeks, which varied considerably
between the two years due to combined sewer overflows.  Also, the concentration of ammonia in
Ninemile Creek, which flows through soda ash waste beds, exhibits an inverse relationship to flow
rate according to Effler (1996, p. 131); therefore, his Equation 3.12 was used to compute the
ammonia concentrations:

where:
[T-NH3] = concentration of total ammonia (mgN/L),
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Flow = flow rate (m3/s).

The computations were performed in a spreadsheet by first converting the discharge data
from cfs to m3/d and m3/s then, for the nutrients, multiplying by the given concentrations to obtain
mass per day (g/d) in successive columns. The loadings were imported into AQUATOX by clicking
on Import in the Edit State Variable screen and choosing the appropriate comma-delimited (csv)
or database file.
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Onondaga Lake inflow Onondaga Lake ammonia loadings

Given the readily available hydrologic data, both 1989 and 1990 were simulated with daily
loadings.  Examination of the loading plots confirms that the streams draining into Onondaga Lake
are indeed “flashy” or subject to fast runoff with distinct peaks; the nutrient and organic matter
loadings vary accordingly, except the ammonia loadings, which vary slightly from the other loadings
due to the inverse flow relationship cited above.  The data files and plots were prepared using
Quattro Pro and Excel.

Results from preliminary model runs indicated that some of the model assumptions and
defaults were inappropriate for this application, and therefore needed to be modified.  For instance,
the model computes the depth of the well mixed layer (epilimnion) using a robust regression
equation with the fetch (distance across which the wind can blow) as the independent variable; this
equation is based on a dataset for 167 lakes.  In Onondaga Lake the computed mixing depth of 15
m is twice as deep as observed (Effler, 1996).  It appears that salinity from industrial pollution in the
lake is restricting the mixing depth.   By back-calculating from the regression equation, a fetch
(Length) of 0.779 km was found to give the observed well mixed depth (MaxZMix) of 7.75 m:
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The maximum length was then changed in the Site Characteristics screen.

A second modification was necessary because the observed spring algal bloom was not
predicted in initial runs.  The spring  bloom was reported to be due to cryptomonads, a flagellated
algal group that was not in the default data set.  Using values from Collins and Wlosinski (1983),
a cryptomonad compartment was parameterized.  The present version of AQUATOX can simulate
three algal groups; diatoms and green algae are more important than blue-greens in Onondaga Lake,
so cryptomonads were substituted for blue-greens.  This is appropriate because the model assumes
that blue-greens occupy the top meter of water unless the wind exceeds 3 m/s, when Langmuir
stripes form, and cryptomonads also tend to move toward the surface.  Rotifers are important grazers
on cryptomonads, and predatory zooplankton probably are unimportant in the lake, so rotifers were
substituted for predatory zooplankton.  Furthermore, the food preferences for rotifers were changed
to force them to “eat” cryptomonads in the model.
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Prediction with sewage effluent divertedStandard prediction

In order to conduct “what if” exercises with the model, we will set the control options to
remove point source loadings for nutrients and detritus (click on Setup then Control Setup).  This
effectively turns off the contributions of the metropolitan sewage treatment plant.  (Another option
would be to turn off the non-point source loadings.)

Using chlorophyll a as an indication of water quality, and plotting the Exported results with
observed values, we can see the normal predicted responses and those predicted if sewage effluent
were diverted. As expected, diversion is predicted to result in lower chlorophyll and thus better water
quality.
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Other water quality parameters related to eutrophication and nutrients are also computed, such
as dissolved oxygen, Secchi depth, nitrate, ammonia, and phosphate.  The user could perform similar
analyses with these parameters as was just shown with chlorophyll a.  This would give a more complete
picture of the lake’s responses to proposed nutrient control scenarios, and whether water quality
standards would be met.  See Volume 3: Model Validation Reports document for a more detailed
discussion of the application to this highly eutrophied lake.
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3.3 Multiple Stressors Due To Agricultural Runoff 

In our example, we will model a run-of-the-river reservoir receiving extensive agricultural
runoff and minimal municipal and industrial effluents (Park, 1999a).  In the 1970s approximately
90% of the watershed of Coralville Reservoir, Iowa, was in agricultural land (MacDonald and
MacDonald, 1976).  Water quality was so poor that the lake was referred to locally as the “Dead
Sea.”  We will use the reservoir study Coralville.aps as a starting point.  Open the file, then click on
File and Save As, and name it AgricRes.aps so we don’t write over the default reservoir study by
mistake.  Also, change the Study Name to “CORALVILLE RESERVOIR” (this will be the heading
for the graphs).  

Controlling Nutrients and Sediments—Because this reservoir receives a large quantity of
suspended sediments, we need to load observed total suspended solids (TSS).  Clay, silt, and sand
are only available if the site is a stream.  Suspended algae and detritus are subtracted from the
observed TSS and the difference is considered to be suspended inorganic sediments.  These are used
in calculating the extinction coefficient and the Secchi depth.

Click on Add at the bottom of the state variable list and choose Tot. Susp. Solids.  In the
main screen we then see this as an additional state variable.
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Double-click on Tot. Susp. Solids obtain the loadings screen.  Then click on Use Dynamic
Valuation and Import to load the file TSSCoral.csv. 
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Click on Initial Conditions to see the initial values for all the state variables.  Dieldrin is 0
because we will let the model compute the concentration in the reservoir.
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Click on Setup and make sure that the simulation dates correspond to, or are less than, the
range of dates for TSS, 10/1/1973 to 9/30/1978.  Be careful, if you enter “10/1/73" it will be
interpreted as “10/01/2073.” Because observed TSS values are being used in lieu of dynamically
simulated inorganic sediments, the capability of the model to repeat a time-series loading should not
be used for TSS unless all other loadings, particularly inflow, are restricted to the same range.
Otherwise, the model will extrapolate the TSS beyond the observed dates and obtain unacceptable
estimates of suspended sediments.  Note that the 5-year simulation may be quite lengthy on a slow
machine; you may wish to decrease the period.

First we will investigate the impact of nutrient reduction, most likely through best
management practices, without any change in loadings of dieldrin or inorganic sediments. Click on
Control Setup and uncheck all the Organic Toxicant controls, and check Set Multiply Loadings
Factors to 1.0 for Nutrients and Detritus. Then, going back to the main screen, double-click on
ammonia, nitrate, phosphate, and suspended and dissolved detritus and enter a multiplicative loading
of 0.5, if not already done, on the Edit State Variable Data screen for each.  In doing so, we have
set the model so that nutrients and detritus will be halved in the perturbed run and kept unchanged
for the control run.  Dieldrin will be present in both simulations. This demonstrates the power of the
control settings to set up various pollution control scenarios. 
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Run the simulation without any additional changes, clicking on Perturbed and Control.
Select Output, and view the Control graph.  Note that detritivorous invertebrates have a high
biomass, reflecting the large influx of detritus from upstream.  Diatom blooms occur periodically,
with maximum biomass of about 16 mg/L during drought conditions in 1977. 
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If we plot Secchi depth we find that the minimum is 8 cm, with a maximum of about 2.5 m
and a mean of less than 1 m.  Note that if you plot only one variable the graphing routine plots it in
black, and no legend appears. Also note that the label on the vertical axis reads “Concentration”;
you may wish to edit this.
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Now view the Perturbed graph.  The similarity with the Control graph suggests that few
changes would occur in water quality if the nutrient and detritus loads are reduced by one-half.  The
diatom blooms are virtually unchanged.  The most obvious change is a small decline in forage fish
(blue-gills), which is probably linked to a corresponding decline in detritivore biomass.
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A better way to portray the changes is by plotting a Difference graph.  Because we have set
the nutrient and organic loadings in the perturbed simulation to half the normal values, a positive
percent difference means an increase in biomass with decreasing nutrient and organic loadings.
(Remember that the Difference graph plots the percent difference of Perturbed minus Control.)
We also will plot bottom fish (buffalofish), which were so abundant in Coralville Reservoir that they
supported a commercial fishery in the early 1970s.  Based on this graph and examination of predicted
rates for the invertebrates and fish, which were saved and plotted in Quattro Pro, we observe that
invertebrate detritivores declined slightly due to decreased detritus loadings; this caused a decline
in blue-gills, followed by declines in their predators, bass.  Eventually, in the absence of competition,
buffalofish are predicted to increase.  Caution should be exercised in interpreting difference graphs;
these are plotted as percent changes, and small absolute differences are magnified.  For example, due
to the toxicity of dieldrin, bass exhibit very low biomass values, even in the control. This can be seen
by plotting just the fish in the control simulation.
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If we plot the difference graph for the key environmental indicators, oxygen, Secchi depth,
and chlorophyll, we see that halving the nutrient and detrital loadings improves the water quality
only slightly as indicated by slightly decreased chlorophyll levels and slightly increased Secchi
depths. 
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Having seen the effects of halving the nutrient and detritus loadings, let us now investigate
the effects of suspended sediments.  In this run-of-the-river reservoir most of the suspended solids
are silt and clay, and most are from upstream.  In the unlikely event that best management practices
were to halve the TSS without altering the other pollutants, what would be the impacts on the
Coralville ecosystem?  This is easily analyzed with AQUATOX.  Close the Output window, open
the Setup window, and choose Control Setup.  Now uncheck the Nutrient and Detritus choices.
In the main window double-click on each of the nutrients and suspended detritus and set the
multipliers back to 1.0; then double-click on Tot. Susp. Solids and set the Multiply loading to 0.5.
Then click Perturbed (but do not run Control) to obtain a run that is perturbed only in that TSS is
one-half that in the control.

Click Output and plot Secchi depth, chlorophyll a, phosphate, and nitrate in the Difference
graph.  By decreasing TSS, and hence inorganic sediments, turbidity decreases, and phytoplankton
are not as severely light limited in the simulation.  In turn, phosphate decreases—almost certainly
becoming limiting for the phytoplankton.  Chlorophyll a does not increase significantly, probably
because of grazing pressure by invertebrates.
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Controlling Pesticides—Next we will examine the effects of the dieldrin independent of the
nutrients, detritus, and TSS. Similar to the example of esfenvalerate in the pond, we will use the
perturbed run to simulate the toxicant and the control run without the toxicant.  Therefore, close the
Output window, then set the multiplicative loading for TSS back to 1.0, open the Setup window,
and choose Control Setup.  Now set the remaining options back to their original state, with all the
Organic Toxicant choices checked, and the Nutrient and Detritus choices unchecked.
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Click Perturbed and Control to re-run the simulations.  The perturbed graph shows the
effects of dieldrin on the default state variables.  You can plot other variables by clicking on Change
Variables.
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The control graph shows the seasonal patterns in biomass without dieldrin.  Note that forage
fish (bluegill) are relatively important throughout the simulation, in contrast to the pattern shown in
the perturbed graph.
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The differences between the perturbed and control graphs are emphasized in the difference
graph.  The difference is obtained by subtracting the control biomass from the perturbed biomass,
so negative values indicate relatively low biomass values in the perturbed simulation (in other words,
in the presence of dieldrin). The decline of all fish except the hardy buffalofish is easily seen.  The
chironomids (invertebrate detritivores) benefit from the decreased predation and exhibit positive
values.
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From these results, we postulate that the decline in fish is a combination of direct and indirect
effects of dieldrin.  We can examine the rates for largemouth bass by clicking on Setup in the main
screen and Save Biologic Rates and Rate Specifications, then choosing Lg g fish prior to running
the model.  The rates will be saved, with Paradox format as the default, in the Output subdirectory.
The rates can be plotted in a spreadsheet program.  In this example, consumption declines due to
chronic toxicity and loss of bluegill forage base, and mortality increases in part due to acute toxicity.
Defecation increases due to the modeled effect of chronic toxicity on assimilation.  This illustrates
the use of biologic rates for analyzing cause and effect relationships.
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Controlling All Pollutants—Finally, we can examine the effects of decreasing all pollutants from
agricultural runoff simultaneously in the perturbed simulation.  Dieldrin was set to zero and the
nutrient and organic matter multiplicative loading factors were set to one-half.  As we have seen
from the above applications, there are many complex interactions, and comparing the perturbed and
control graphs is difficult.
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However, the difference graph provides a direct comparison.  Bluegill and bass increase
significantly in the absence of dieldrin. Chironomids decline due to increased predation pressure.
The buffalofish exhibit a long-term decline due to loss of chironomid forage because of increased
competition. Algae, herbivorous zooplankton, and labile detrital sediments (not shown) are relatively
unchanged. 
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To better determine the effects on water quality, we will plot several environmental indices
in a difference graph.  We see that chlorophyll a is generally slightly lower with nutrients halved,
oxygen is slightly increased, and Secchi depth is slightly improved.

In conclusion, AQUATOX can be used to analyze complex relationships in impaired
ecosystems and to suggest the relative importance of various causes of impairment.  In this example,
dieldrin was shown to be a very important stressor.  The simulations suggest that external loadings
of nutrients and organic matter are far less important; and, based on the model, halving the loadings
might not improve water quality significantly but might decrease the productivity of sport fish.
Therefore, this ecosystem model has the potential not only to help identify stressors, but to assess
possible environmental management scenarios as well.
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4. UNCERTAINTY ANALYSIS

Until now we have dealt with deterministic simulations.  However, there are numerous sources of
uncertainty and variability in natural and polluted aquatic systems.  These can be represented easily in
AQUATOX (see Volume 2: Technical Documentation), although access to the additional analytical
power is not obvious to the casual user.  The key is to click on the Setup button and choose Uncertainty
Setup.  We will go back to the ESFenPond study for this example.
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That will open a window that lists either all variables subject to uncertainty analysis or those
variables already chosen for analysis.  We will display all variables.  Because AQUATOX uses a Latin
hypercube sampling algorithm, it requires far fewer iterations than a brute-force Monte Carlo sampling.
Therefore, the default number of iterations is 20.  This is probably adequate for an analysis involving a single
variable; however, it should be increased as more variables are chosen for analysis.  If you wish to replicate
the sampled values in successive analyses, you should choose a non-random seed for the number generator
and keep it the same.
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By double-clicking on a variable the distribution can be displayed and edited.  The lognormal
distribution is the default for loadings.  The user can accept the default distribution parameters or change
them.  The graph will show the results of any changes.  The mean values are derived from the underlying
parameter sets, but altering them in the uncertainty screen will not change them in the database and the
deterministic simulation. 

Let’s use that distribution to vary the multiplicative factor for point-source loadings of esfenvalerate
in water.  For each iterative simulation the model will sample one value from the distribution and use it as
a multiplicative factor for all dynamic point-source loading values. 
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Click on OK, which will take you back to the list of variables; then choose to display only those
that will be varied in the uncertainty analysis.  Be sure that the button in the upper left is checked to Run
Uncertainty Analysis (that button is a convenient way to toggle between the deterministic and uncertainty
options without disturbing the individual distributions).
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Close the Study Setup screen by clicking on OK.    Back on the main screen we see that there
is now a message in red in the upper right indicating the number of iterations chosen.  That message only
appears when the uncertainty analysis is enabled.
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When you click on  Perturbed or Control you will be asked to give the output file name and
location.  The folder to Save in will be given as the Studies folder, which is active; you might wish to
change that to the Output folder.  Be sure to specify the extension “dbf” or you will get an error message.

Because of the voluminous output, it will be split into three separate files using the root name that
you provide.  Ordinarily, you will not have to concern yourself with the supplemental files., which will be
listed in subsequent Save operations.

The model will perform a deterministic simulation first to provide a baseline.  Then it will cycle
through the uncertainty iterations.
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The results of the uncertainty analysis can be viewed by scrolling to the far right tab in the Output
on the main screen, and clicking on Uncertainty Graph.  (If you have not run a simulation or if you wish
to see the results of a different simulation, you may choose to View a Different Database.)  Only one
state variable is plotted at a time, with separate curves for mean, minimum, maximum, mean - one standard
deviation, mean + one standard deviation, and deterministic results.  These are the distributions of the
results for that particular state variable and are not necessarily a reflection of the distribution of the sampled
input variable.  For example, the maximum loading of esfenvalerate would almost certainly result in the
minimum biomass of the large game fish, but the benthic fish that is graphed is most likely responding to
decreased predation.  You may choose to View a Different Variable, such as the concentration of the
toxicant in the dissolved state.  The default Y-axis label assumes that you are plotting biomass, so it should
be changed to units of “µg/L” if you plot toxicant concentration.
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Similarly, we can vary the input values for other variables by sampling from the appropriate
distributions.  For example, we have two values for the Henry’s Law constant for esfenvalerate: a measured
value of 6.1E-8 and a calculated value of 3.0E-6 (ARS Pesticide Property Database).  Why not just use
the measured value?  Unfortunately, the constant is not easily measured, so the calculated value may have
as much validity as the measured value.  Therefore, we can use a uniform distribution defined by the two
values, with equal probability of any value over that range being chosen.  Henry’s Law constant helps
control the bioavailability of organic toxicants, so the sensitivity to a range of possible values is of interest.
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The results of varying just the Henry’s Law constant for esfenvalerate are shown in the Uncertainty
Graph for large game fish biomass.  The spread of values, although not appreciable, is due to the
differences in bioavailability and therefore differences in amount of toxicity.
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In another example, we will vary a critical parameter for the large game fish, bass,  to see how it
affects the response of this important species.  The most likely maximum consumption rate is set at 0.055
g/g-d based on application of an allometric equation that relates consumption to mean weight (Hewett and
Johnson, 1992); however, there is considerable variation reported in the literature (Leidy and Jenkins,
1977).  The extreme values reported are 0.015 and 0.07.  We could take these as the constraints for a
triangular distribution, but that would mean throwing out the lowest and highest observed values because
the constraints have zero probability.  Therefore, we will extend the constraints by 10% of the observed
values.

The results of varying this one parameter indicate that the model is not sensitive to it—probably
because the chronic and acute toxic effects dominate the simulation.
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In the final analysis we will examine the effects of varying mean depth of water in the pond.  A
normal distribution is used with a mean of 1.2 m and a standard deviation of 0.4.  The minimum depth
simulated was 0.097 m, and the maximum depth was 1.86 m. 

The macrophyte biomass is sensitive to water depth.  As rooted vegetation, macrophytes are well
adapted to shallow water; the maximum biomass is at the minimum depth.  However, they are probably
light limited at the greater depths simulated in this turbid pond. 
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6.  QUALITY ASSURANCE

AQUATOX is designed to facilitate documentation of assumptions and data sources for
specific applications and to archive results.  Note fields are provided for the study and for each of
the state-variable loading screens.  These are intended to provide the user with a way to record an
overview of the study and  to describe sources and salient features of the loading data.  Furthermore,
almost every parameter has an associated comment field to document the source of the value used.
These fields are not fully utilized in the example sets; but, as additional data are incorporated,
comments should be used liberally.

A study, with all associated data and output, can be archived in a study file.  Good practice
dictates that the version of AQUATOX used for the application should be saved as well.  In that way
the study can be opened and results examined at any time; and, if necessary, the model can be re-run.
The main screen indicates the dates and times that the perturbed and control simulations were run,
but be careful: opening some screens, such as Setup, will reset the status to “Run Not Current.”  If
you make a change to a study, you may choose not to save the changed file.  To minimize file size,
do not save the output; this can be done by clicking on Study on the menu bar in the main screen
and choosing Clear Results.  The file will usually be much smaller, but you will have to re-run the
simulation to see the results.

AQUATOX versions are upward compatible within reason—but not necessarily years
later—so if you open an old study with a newer version of the model, the data structure will be
updated.  Usually this is automatic, but sometimes the user may be directed to assist in the upgrade,
as shown in the sequence of information windows below.
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